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Remarks 

In view of the above amendments and the following remarks, the Examiner is 
respectfully requested to withdraw the rejections, and allow claims 1, 2, 6-8, 10 and 12-13, the 
currently considered claims. Claims 3-5, 9, 11 and 14 are canceled. Claim 1 is amended. No 
new matter is added. 

An additional copy of reference AB, Bendig et al. (1995), as requested by the Examiner, 
is attached herewith. 

Claims 1, 2, 4-7, 9 12 and 13 have been rejected under 35 U.S.C. 112, first paragraph. 
The Office Action states that the specification is enabled for the use of a CD1 blocking agent 
that is an antibody that binds to CD1 and Is inhibitory of CD1 signaling, but is not enabled for the 
use of an antibody fragment that does not bind to CD1 . Applicants have amended independent 
Claim 1, to recite that the antibody fragment also has the property of binding to CD1 and 
Interfering with T cell recognition of CD1 . 

The Office action states that "CD1 blocking agents may be peptides, lipids, either alone 
or in combination with a peptide, soluble CD1. small organic molecules, peptidomimetics, 
soluble TCRs, antibodies or the like or fragments of antibodies". Applicants respectfully submit 
that the present claims clearly recite the use of an antibody or fragment thereof that binds to 
CD1, and Interferes with T cell recognition of CD1. The disclosure of other suitable agents is 
moot for the purposes of examining the present claims. 

The Office Action states that the specification does not disclose using any blocking agent 
in vivo that is not the anti-CDI mAb produced by hybridoma 1B1 , and that the specification does 
not disclose the use of this antibody with a second agent. 

Applicants respectfully submit that one of ordinary skill in the art can readily practice the 
methods set forth in the present claims. Antibodies reactive with CD1 can readily be raised, or 
can be purchased from a number of commercial dealers. For example, Abeam sells the anti- 
CDI monoclonal antibody B330 (66-1 1-C7)), catalog number ab8669. The HLDA antibody 
database reports two anti-CDI monoclonal antibodies that are available, T-CD01.01 (HI149) 
and T-CD01.02 (UN4). Novocastra sells two different anti-CDI monoclonal antibodies, NCL- 
CDIa-235, and NCL-CDIa-220. And Pharmingen sells a wide variety of anti-CDI antibodies: 
from clones 76-7-4; SK9; HI149; FCM; M-T101; 11.86; CD1d42; and CD1.1, Ly-38. 
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One of skill in the art has the requisite knowledge to substitute one antibody for another, 
and would understand the selection of an appropriate antibody. The utility of the antibody for 
use in the present methods resides with the CD1 binding specificity, and the resulting T cell 
interference, both of which properties are set forth in the claims, and exemplified in the present 
application. Use of the guidelines set forth in the application, together with the working 
examples provided by Applicants, allows one of skill in the art sufficient description to make and 
use the claimed invention. 

With respect to the second therapeutic agent. Applicants have specified the use of an 
immunosuppressant, anti-inflammatory, or anti-coagulant agent. Applicants respectfully submit 
that it is commonplace to claim combination therapies with known, therapeutic agents, and it is 
not required that Applicants name specific agents that find use in such methods. As described 
in the specification, a number of specific agents are known and used in the art for the treatment 
of SLE. One of skill in the art can readily combine the presently claimed, novel therapy, with 
conventional methods of treatment. 

Conventional therapies for systemic lupus erythematosus^ include corticosteroids, which 
suppress the inflammatory process, and help relieve many of the complications and symptoms, 
including anemia and kidney involvement. Oral prednisone (Deltasone, Orasone) is usually 
prescribed. Other agents include methylprednisolone (Medrol, Solumedrol), hydrocortisone, and 
dexamethasone (Decadron). 

Drugs known as immunosuppressants are often used, either atone or with 
corticosteroids for very active SLE, particularly when kidney or neurologic involvement or acute 
blood vessel inflammation is present. These drugs suppress the immune system by damaging 
cells that grow rapidly, including those that produce antibodies. About a third of patients take 
immunosuppressants at some point in the course of the disease. 

The most common immunosuppressants include: Azathioprine (Imuran). Azathioprine 
has the lowest toxicity but is also less effective than others. Methotrexate (Rheumatrex). This 
agent Is helpful for patients with moderate SLE who do not have kidney insufficiency or very 
severe complications of SLE. Cyclophosphamide (Cytoxan). Pulsed administration of 
cyclophosphamide is effective in improving long-term outcome in patients with kidney 
involvement. A combination with a pulsed corticosteroid may prove to be even better without 
posing a risk additional side effects. High-dose cyclophosphamide is showing promise for 
achieving remission in patients with severe SLE. Mycophenolate mofetil is a promising 



^ Source: A.D. A.M. Inc., Weil-Connected series, March 31, 2003 
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immunosuppressant showing particularly effectiveness for complications in the kidney and may 
have fewer side effects than other agents. Cyclosporine (Sandimmune) has been used for 
years, mostly for SLE associated with kidney involvement. High blood pressure is common, 
however, with this drug. Other drugs commonly used include chlorambucil (Leukeran) and 
nitrogen mustard (Mustargen). 

Hormone Treatments include dehydroepiandrosterone (DHEA). SLE patients have very 
low levels of dehydroepiandrosterone (DHEA). A few studies have now reported that DHEA 
supplements (e.g., prasterone) may reduce flare-ups and allow lower doses of corticosteroids in 
some patients. Researchers are also investigating the use of danazol (Danocrine), a male 
hormone. One study reported long-term remission of thrombocytopenia when it was used with 
the corticosteroid prednisone. 

Other potential therapies include Leflunomide (Arava), which blocks autoimmune 
antibodies and reduces Inflammation In patients with rheumatoid arthritis. The drug is now also 
being studied for lupus. Nucleoside analogs, including fludarabine (Fludara) and cladribine 
(Leustatin), target white blood cells and have been used to treat cancer and various 
autoimmune diseases. 

Clearly, a variety of therapies are currently used in the treatment of SLE, and should not 
be excluded from the practice of the present methods. 

The Office Action further states that the specification does not disclose any working 
examples of therapy as prophylaxis. Applicants respectfully submit that the present claims, 
which have been amended to recite a dose effective to reduce the pathogenic symptoms of said 
polyclonal B cell activation or class switching, are fully enabled by the specification. As 
discussed in the specification, in human medicine it is not always possible to distinguish 
between "preventing" and "suppressing" since the ultimate inductive event or events may be 
unknown, latent, or the patient is not ascertained until well after the occurrence of the event or 
events. Therefore, the claims properly recite a reduction in symptoms, which describes the 
effect shown by Applicants in the working examples. 

In view of the above amendments and remarks. Applicants respectfully submit that the 
present claims meet the requirements of 35 U.S.C. 112, first paragraph. Withdrawal of the 
rejection is requested. 
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Claims 1, 2, 4-8, 10 and 12 have been rejected under 35 U.S.C. 103(a) as unpatentable 
over Amano et al. in view of Kotzin et al., Zeng et a/., Blumberg et al. and Hughes. Applicants 
respectfully submit that the presently claimed invention is not made obvious by the cited 
combination of references. As previously discussed by Applicants, prior to the in vivo 
demonstration of efficacy provided herein, there was substantial uncertainty as to the correlation 
between GDI and lupus, particularly with respect to causality. 

Applicants have provided a Declaration under 37 C.F.R. 1.132 by Dr. Strober, who is co- 
inventor of the present application, and is also senior author of two of the cited journal articles. 
As explained by Dr. Strober, the animal models used prior to the subject invention did not 
provide for a reasonable expectation of success in the methods of the invention. It was only in 
view of the unexpected results obtained by Applicants that one of skill in the art had knowledge 
of the causative role of CD1 in pathogenic B cell activation and switching. 

Applicants respectfully submit that the secondary references do not remedy the 
deficiencies of the primary references. Blumberg et ai teaches the expression of GDI on B 
cells, monocytes and Langerhans cells, but fails to demonstrate the effectiveness of blocking 
GDI' to treat lupus-like disease. 

Hughes provides background for the use of antibodies as therapeutics, but fails to teach 
the usefulness of antibodies specific for GDI in the treatment of lupus-like disease. 

Kotzin reviews the pathology of lupus, in particular the clonal expansion of anti-DNA 
antibody-producing B cells. However Kotzin fails to teach an association of CD1 with the 
disease, and does not show the effectiveness of blocking GDI to treat lupus-like disease. 

Based on the teachings of the prior art, one of ordinary skill in the art would not have a 
reasonable expectation of success for the presently claimed invention. Withdrawal of the 
rejection is requested. 

Glaim 13 has been rejected under 35 U.S.G. 103(a) as unpatentable over Amano et ai 
in view of Kotzin a/., Zeng et al., Blumberg et al. and Hughes, further in view of the Merck 
Manual. Applicants respectfully submit that the invention of Glaim 13 is not made obvious by 
the cited combination of references. As discussed above, the prior art does not provide a 
reasonable expectation that administration of GDI would be effective in treating lupus-like 
disease. The inclusion of a second therapeutic regimen is not relied upon for patentability, but is 
merely put forth as a variation on Applicants methods. 
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In view of the above amendments and remarks, Applicants respectfully submit that the 
present claims meet the requirements of 35 U.S.C. 103. Withdrawal of the rejections is 
requested. 

Conclusion 

Applicant submits that all of the claims are in condition for allowance, which action is requested. 
If the Examiner finds that a telephone conference would expedite the prosecution of this 
application, please telephone the undersigned at the number provided. 
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The Commissioner is hereby authorized to charge any underpayment of fees associated 
with this communication, including any necessary fees for extensions of time, or credit any 
overpayment to Deposit Account No. 50-0815, order number STAN-190. 



Respectfully submitted, 
BOZICEVIC, FIELD & FRANCIS LLP 



Date: j^ Ct 

] Pamela J. Sherwood 
f Registration No. 36,677 



BOZICEVIC. FIELD & FRANCIS LLP 
200 Middlefield Road, Suite 200 
Menio Park, CA 94025 
Telephone: (650) 327-3400 
Facsimile: (650) 327-3231 
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Humanization of Rodent Monoclonal Antibodies 
by CDR Grafting 

Mary M. Bendig 

MRC CoUaboraUve Centre. 1-3 Burtonhole Lane. Mill HW, London NW7 IAD. United Kingdom 



Many rodent antibodies with possible therapeutic applications 
in humans have been Isolated and characterized. Clinical results 
with rodent antibodies, however, have been disappointing pri- 
marily because rodent antibodies are highly immunogenic In hu- 
mans. To help overcome this problem, rodent antibodies have 
been partially and fully humanized. Partial humanization consists 
of Joining the rodent variable regions to human constant regions 
to create a chimeric antibody. Full humanization means taking 
only the portions of the rodent variable regions that are directly 
involved In antlgen-blnding, the complementarity detenminlng re- 
gions (CDRs), and grafting these regions Into human variable 
regions. The "reshaped human" variable regions are then Joined 
to human constant regions to create a fully humanized, CDR- 
grafted antibody. Full humanization by CDR grafting Is a more 
complex type of protein engineering than partial humanization 
by chlmerlzatlan. Reliable methods for humanization by CDR 
Rafting, however, have been developed. This article describes 
the methods developed and used at the MRC Collaborative Cen- 
tre. The methods rely on selecting human variable regions with 
a high degree of similarity to the rodent variable regions and 
constructing a molecular model of the rodent variable regions. 
The model Is used to help Identify amino acid residues that 
participate either directly or Indirectly In antigen binding and 
then to decide what amino acid substitutions might be neces- 
sary in the human variable regions In order to achieve good 
binding to antigen. The methods are described In general and 
then Illustrated fbrhumanlzing a mouse antHiuman IgE antibody. 
The article also lists 80 examples of rodent antibodies human- 
ized by CDR grafting. C1995ilcsd«ailcPn»s.ln(x 



Antibodies have been proposed and tested as thera- 
peutic agents In humans for many years. As early as 
the 1920s, polycional rabbit antisera were used to treat 
leukemia in humans. With the advent of hybridoma 
technology In the 1970s (I), it became possible to pro- 
duce rodent monoclonal antibodies with specificities to 
a wide range of therapeutic targets. It has proven more 
difQcult to isolate therapeutically promising hurnan 
monoclonal antibodies using either hybridoma technol- 
ogy or EBV transformation. Reasons for this include 
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fundamental technological problems, ethical considera- 
tions, and tolerance to self-antigens. Most therapeutic 
work has concentrated, therefore, on a variety of ex- 
isting rodent monoclonal antibodies that have useful 
specificities, good affinities, and the ability to be pro- 
duced in large quantities. 

Rodent antibodies, however, have serious disadvan- 
tages as therapeutic agents in humans. First, rodent 
antibodies induce an Immune response in human pa- 
tients that will result In rapid clearance of the rodent 
antibody and hence interfere with the intended thera- 
peutic benefit. Second, rodent antibodies generally do 
not efficiently recruit human Immune effector func- 
tions that enable complement-dependent cytotoxicity 
(CDC) and antibody-dependent cell-mediated cytotox- 
icity (ADCC). These effector functions are often re- 
quired for therapeutic efficacy. Third, patients sensi- 
tized to rodent antibodies may suffer from allergic side 
effects. These problems can be largely overcome using 
protein engineering technologies to "humanize" rodent 
monoclonal antibodies. 

There are essentially two methods for humanization. 
The first method Is to take the entire variable domains 
from the rodent antibody and Join these to the constant 
domains from human antibodies to create a rodent - 
human "chimeric" antibody (Figs. 1 and 2). This 
method is a relatively simple protein engineering pro- 
cedure in which entire unaltered protein domains from 
one protein (the variable domains from the light and 
heavy chains of a rodent Immunoglobulin) are joined 
to entire unaltered protein domains from other related 
proteins (the constant domains from human inmiuno- 
globulin light and heavy chains). Although this method 
of humanization is simple and reliable in terms of gen- 
erating an antibody that will have the binding charac- 
teristics of the rodent antibody, this method will create 
only a partially humanized antibody, with approxi- 
mately 35% of the final antibody sequence derived from 
the rodent antibody. Although chimeric antibodies are 
less immunogenic in humans than rodent antibodies, 
they can still induce anti-veiriable domain immune re- 
sponse in humans (reviewed In Ref. 2). 
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FIG. 1, Diagram of an Immunoglobulin molecule. The light and 
heavy chain variable domains are indicated as Vl and Vh. respec- 
tively. The light chain constant domain and the three heavy chain 
constant domains are indicated by Cl. Cmi. Cm. and Ciu. respec- 
tively. The three complementarity determining regions (CDRs) and 
four framework regions (FRs) that make up each variable domain 
are labeled. 



The second method for humanizatlon Is to take only 
the antigen-binding loops or complementarity de- 
tennlning regions (CDRs) (Figs. 1 and 3) from the ro- 
dent variable domains and to graft these Into human 




FIG. 3. Diagram Illustrating binding to antigen. In a simplified 
example, the six CDRs of the anUttody's light and heavy chain vari- 
able regions form loop- like structures that make direct contact with 
the anttgea holding it in place. 



variable domains. These "reshaped" human variable 
domains are then joined to human constant domains to 
create a fully humanized antibody (Fig. 2) . This method 
requires considerably more complex protein engi- 
neering procedures because major alterations are being 
made within two interacting protein domains (the light 
and heavy chain variable regions). Although this 
method Is more complex and Is not certain to create a 
humanized antibody with good binding properties. It 
will create a fully humanized antibody with only ap- 
proximately 9% of the final antibody sequence derived 
from the rodent antibody. At present, there are very 
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limited data available on the Immunogenlcity of CDR- 
grafted antibodies In humans. However, it is likely that 
full humanization will greatly reduce the immunoge- 
nicity of a rodent antibody but that, in some cases, 
the fully humanized antibody will stlU elicit an anti- 
idlotypic response to the antigen-binding site (3, 4). 

The concept of humanization of a rodent antibody 
via CDR grafting was first demonstrated by Dr. Greg 
Winter at the MRC Laboratory of Molecular Biology in 
Cambridge, England (5). Since then, the metliods for 
designing and constructing CDR-grafted antibodies 
have been adopted and further developed by several 
research groups. A confusing an*ay of terminology has 
been used to describe variations in methods for human- 
ization, for example, reshaping, hyperchimerizatlon, 
civilization, veneering, and surface replacement (re- 
viewed In Ref. 2). All of these methods are based on 
grafting all or part of the rodent CDRs Into human 
variable regions and then making minor alterations In 
the frcimework regions (FRs) of the human variable 
regions In order to achieve good binding to antigen. 
This paper will describe the methods developed and 
used at the MRC Collaborative Centre for humaniza- 
tion via CDR grafting. Published results obtained both 
at the MRC Collaborative Centre and at other research 
centers will be summarized. 



DESCRIPTION OF METHOD 



Cloning and Sequencing of the Rodent Variable 
Regions 

In most cases, cDNAs coding for the rodent variable 
regions are cloned using polymerase chain reaction 
(PCI^ methods to amplify the variable regions- At the 
MRC Collaborative Centre, we use specially designed 
PCR primers that hybridize to sequences flanking the 
variable regions so that the entire variable regions are 
doned without the PCR primers Influencing potentially 
important sequence Information at the 5'- and 3 '-ends 
of the variable regions (6) . In a typical cloning of mouse 
light and heavy chain variable regions, total RNA Is 
prepared from the hybridoma cells that produce the 
mouse antibody using a guanldinlum thiocyanate/ce- 
sium chloride procedure (7), First-strand cDNA Is syn- 
thesized from the total RNA and used as the template 
DNA in PCR reactions with the primers designed to 
amplify mouse Ught and heavy chain variable regions 
(6). PCR products of the correct size are cloned Into a 
pUC vector and sequenced. For both the light and 
heavy chain variable region, at least two independently 
amplified and cloned DNA fragments are sequenced. If 
there are any differences between the two sequences, 
additional clones are sequenced. Care must be taken to 
recognize errors arising from PCR ampltTication. Care 



must also be taken, particularly with the cloning of 
the light chain variable region, to recognize aberrant 
immunoglobulin transcripts arising from the nonsecre- 
tlng myeloma cell used as the fusion cell partner (8). 

Construction of a Chimeric Antibody 

The amino acid sequences of the rodent variable re- 
gions, as derived from the DNA sequences, can be com- 
pared to Immunoglobulin variable regions in databases 

(9) to confirm that the amino acid sequences do code 
for immunoglobulin variable regions. In order to con- 
firm that these amino acid sequences code for the vari- 
able regions of the particular rodent antibody being 
studied, It is best to construct a chimeric antibody and 
determine that this chimeric antibody can bind to the 
antigen recognized by the original rodent antibody. 

At the MRC Collaborative Centre, PCR primers were 
designed to clone the entire mouse variable regions 
together with their leader sequences (6). Using the 
cloned leader-variable regions as template DNAs, PCR 
primers are designed to modify the 5 '-ends to contain 
Kozak sequences for efficient eukaryotic translation 

(10) and restriction enzyme sites for insertion into the 
expression vectors and to modify the 3 '-ends to contain 
splice donor sites and restriction enzyme sites for inser- 
tion into the expression vector (11). The PCR-amplifled 
mouse Ught and heavy chain leader-variable regions 
are then inserted Into vectors designed to express par- 
tially or fully humanized immunoglobulin light and 
heavy chains in mammalian cells. These vectors con- 
tain the human cytomegalovirus (HCMV) enhancer 
and promoter for transcription, a human light or heavy 
chain constant region, a gene such as neo for selection 
of transformed cells, and the SV40 origin of replication 
for DNA repUcation in COS cells (12). 

In order to produce chimeric antibody for preliminary 
analyses, COS cells are cotransfected with the two vec- 
tors containing the genes coding for the chimeric light 
and heavy chains. Following a 2- to 3-day period of 
transient expression, chimeric antibody is present in 
the culture medium at approximately 0.1 to 1.0 pg/ 
ml. The chimeric antibody and samples of the original 
mouse antibody are tested, usually by ELISA, for bind- 
ing to antigen. Since the chimeric antibody contains 
the entire mouse light and heavy chain variable do- 
mains, the chimeric antibody should bind to antigen as 
well as the parental mouse antibody. This is assuming 
that both the mouse and the chimeric antibody have 
two antigen binding sites per antibody molecule, as is 
usually the case. If, for example, the mouse antibody 
is an IgM antibody and the chimeric antibody is human 
IgCl. then the chimeric antibody will be expected to 
have the same antigen specificity as the mouse anti- 
body but to have a reduced avidity. 
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Molecular Modeling of the Rodent Variable Regions 

In order to assist in the design of the CDR-grafted 
variable regions, it is very helpful to have a molecular 
model of the rodent variable regions. Modeling , the 
structures of well-characterized protein families like 
immunoglobulins is performed using established meth- 
ods for modeling by homology. A variety of computers, 
software, and databases are available to eisslst In such 
"knowledge-based" modeling. At the MRC CoUabora- 
■ tive Centre, molecular modeling is carried out using a 
Silicon Graphics IRIS 4D workstation, the molecular 
modeling package QUANTA (Polygen Corp.. Waltham, 
MA), and the Brookhaven database of protein struc- 
tures with a few additional, as yet unpublished, immu- 
noglobulin structures. As a first step In the modeling 
exercise, the FRs of the new variable regions are mod- 
eled on FRs from similar, structurally solved immuno- 
globulin variable regions. Most of the CDRs of the new 
variable regions are modeled based on the canonical 
structures for CDRs (13). Those CDRs that do not ap- 
pear to belong to any known grx)up of canonical struc- 
tures, for example CDRS of the heavy chain variable 
region, are modeled based on similar loop structures 
present in any structurally solved protein. In order to 
relieve unfavorable atomic contacts and to optimize 
Van der Waals and electrostatic interactions, the model 
Is subjected to energy minimization using the 
CHARMM potential (14) as implemented in QUANTA. 

Designing the CDR-Grafted Variable Regions 

The first step In designing the CDR-grafted variable 
regions is the selection of the human light and heavy 
chain variable regions that will serve as the basis of 
the humanized variable regions. This is one of the most 
critical steps. At the MRC Collaborative Centre, two 
approaches for selecting the human variable regions 
have been tested and compared. In one approach, the 
human variable regions are selected from the consen- 
sus sequences for the different subgroups of human 
variable regions (9). The rodent light and heavy chain 
variable regions are compared to the human consensus 
sequences; the most similar human light and heavy 
chain consensus sequences are selected from among 
the six subgroups of human X. light chain variable re- 
gions, the four subgroups of human k light chain vari- 
able regions, and the three subgroups of human heavy 
chain variable regions. In another approach, the hu- 
man variable regions are selected from all published 
sequences for human variable regions (9). The amino 
acid sequences of rodent light and heavy chain variable 
regions sire compared to humsin sequences, and human 
variable regions with a high degree of similarity to the 
rodent variable regions are selected. Some research 
groups have preferred to use human light and heavy 
chain variable regions from the same human antibody 
in order to ensure that the two variable regions will 



assemble properly (15). At theTvlRC Collaborative Cen- 
tre, the human light and heavy chain variable regions 
that are selected as the templates are usually derived 
from two different human antibodies. In this way. it 
is possible to independently select for human variable 
regions with the highest degree of similarity to the 
rodent variable regions. There are many successful ex- 
amples of CDR-grafted antibodies based on variable 
regions derived from two different human antibodies. 
One of the best studied examples is reshaped human 
CAMPATH-1 antibody (16). This humanized antibody 
is specific for glycoprotein CDw52, an antigen present 
on lymphocytes. Significant clinical benefits have been 
observed after treatment with reshaped human CAM- 
PATH-1 antibody (see Discussion). 

The second step in the design process is to Insert the 
rodent CDRs into the selected human light and heavy 
chain variable regions. At the MRC Collaborative Cen- 
tre, the enUre rodent CDRs. as defined by Kabat et al. 
(9), are joined, on paper, to the human FRs to create a 
simple CDR graft. In many cases, a rodent antibody 
that is humanized in a simple CDR graft will show 
little or no binding to antigen. It is Important to study 
the amino acid sequences of the human FRs to deter- 
mine whether any of these amino acid residues are 
Ukely to adversely influence binding to antigen, either 
directly through Interactions with antigen or indirectly 
by altering the positioning of the CDR loops. 

In the third step, decisions are made as to which 
amino acid residues In the human FRs should be al- 
tered In order to achieve good binding to antigen. This 
is a difficult and critical step. The model of the rodent 
variable regions Is most useful at this stage in the de- 
sign process. Also useful are the canonical structures 
for the CDRs as defined by Chothia et al (13). It is 
important to conserve in the humanized variable re- 
gions any of the rodent amino acid residues that are 
part of the canonical structures. It is helpful to compare 
the sequence of the rodent antibody to be humanized 
to similar sequences from other rodent antibodies to 
determine whether the amino adds at a certain posi- 
tion are unusual or rare. This might Indicate that the 
rodent amino acid at that position has an important 
role In antigen binding. By studying the model of the 
rodent variable regions, it is possible to predict whether 
amino acids at particular positions could influence an- 
tigen binding. If human variable regions from individ- 
ual human antibodies are being used as the basis of the 
design, then It is advisable to compare the Individual 
human sequence to the consensus sequence for that 
subgroup of human variable regions. Any amino acids 
that are particularly unusual should be noted. In most 
cases, a few amino acids in the human FRs are identi- \ 
fied that should be changed from the amino acid pres- ■ 
ent at that position in the human variable region to / 
the amino acid present in the rodent variable region. / 
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Construction of the Fully Humanized Antibody 

Following the design stage, there will be at least two 
amino acid sequences, one coding for the fully human- 
ized light chain variable region and one coding for the 
fully humanized heavy chain variable region. There 
may be a few additional amino acid sequences that are 
minor modifications of the above two sequences. There 
are a wide variety of methods that could be used to 
construct DNA sequences that would code for the 
amino acid sequences of the newly designed humanized 
variable regions. Decisions regarding the preferred 
method of construction are usually made based on 
whether a DNA sequence coding for a similar amino 
acid sequence Is available for use as a template in the 
construction of the new DNA sequence. At the MRC 
Collaborative Centre, most DNA sequences coding for 
newly designed humanized variable regions are con- 
structed using PCR mutagenesis methods to alter ex- 
isting DNA sequences (17). For example. PCR primers 
coding for the new CDRs are hybridized to a DNA tem- 
plate that is a humanized variable region that was de- 
signed based on the same, or a very similar, human 
variable region (18). Alternatively, if a similar DNA 
sequence Is not available to use as a template, the en- 
tire DNA sequence coding for the leader-variable re- 
gion sequence can be constructed from synthetic oligo- 
nucleotides (19). 

Following the construction and sequencing of the 
DNA sequences coding for the light and heavy chain 
leader sequences plus humanized variable regions, the 
leader-variable regions are inserted Into mammalian 
cell expression vectors as described In the construction 
of chimeric antibodies. These vectors are designed to 
join the variable regions to humsin constant regions via 
Introns (12), 

Evaluation of the Humanized Antibodies 

As described previously, COS cells are cotransfected 
with the two vectors designed to e^qiress the human- . 
ized light and heavy chains. As a positive control for 
binding to antigen, cells are also transfected with the 
vectors designed to express the chimeric light and 
heavy chains. Cells are often also transfected with the 
vectors that express the chimeric light chain together 
with the humanized heavy chain and the vectors that 
express the humanized light chain together with the 
chimeric heavy chain. If the humanized antibody does 
not bind to antigen as well as the chimeric antibody, 
then the experiments with the mixed chime rlc/human- 
Ized anUbodies can be helpful in Indicating whether It 
is the humanized light or heavy chain variable region, 
or both, that is responsible for poor binding. 

Following transient expression in the COS cells, the 
chimeric and humanized antibodies are analyzed by 
ELISA to determine the antibody concentrations in the 
samples. The antibodies are then analyzed for binding 



to antigen, usually in an ELISA using purified antigej 
or a cell line expressing the target antigen on its sui 
face. The original rodent antibody is used as a positiv 
control to confirm that the antigen-binding assay i 
functioning. Direct compcirisons, however, cannot b 
made between the binding profiles obtained with th 
rodent antibody and with the humanized antibody be 
cause different second antibodies with. different sensi 
tlvities are employed in the ELISA for the detection c 
bound rodent and human antibodies. Direct compaii 
sons, however, can be made between the chimeric an 
the humanized antibodies. The chimeric and human 
ized antibodies are usually constructed using the sani' 
human constant regions, and the same anti-humaj 
constant region antibody reagent will detect equal! 
well both chimeric and humanized antibody bound t 
antigen. As explained previously, the chimeric anti 
body contains the complete rodent variable regions ant 
is expected to bind to antigen with the same affinit 
as the original rodent antibody. In the initial analysi 
of the fully humanized antibodies, binding to antigei 
is best evaluated by comparing the results obtaine* 
using chimeric and humanized antibodies produced us 
ing the same human constant regions and the sam^ 
expression systems. 

In most cases several minor variants in the desigi 
of the humanized antibody wiU be constructed ant 
evaluated. Once the best version of the humanized an 
tibody has been Identified using a relatively simple an 
tigen-blndlng assay, more In-depth evaluation can b' 
carried out. For example, competition binding analyst 
can be used to make direct comparisons between thi 
rodent antibody and the chimeric and humanized anti 
body. Typically, the rodent antibody is labeled, and ur 
labeled rodent, chimeric, and humanized antibodie 
are tested In competition with the labeled rodent anti 
body for binding to antigen (11). Alternatively, the rc 
dent, chimeric, and humanized antibodies can be teste* 
using a biosensor-based analytical system capable c 
determining their affinities for antigen by measurln 
the rates of association and dissociation (19). 



RESULTS 



An example of a humanized antibody that was d€ 
signed and constructed at the MRC Collaborative Cer 
tre is the mouse TES-C21 (C21) antibody (19). Mous 
C21 antibody recognizes an epitope on human IgE an 
has potential as a therapeutic agent in patients wit 
IgE-medlated allergies such as hay fever, food and dru 
allergies, and extrinsic asthma. In order to maximiz 
the potential of mouse C21 as a therapeutic agent fc 
use in humans, the mouse antibody was humemized b 
CDR grafting using the methods outlined. A molecula 
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FIG. 4. View of the molecular model of the variable regions of mouse C2I antibody. The model Is presented as an aorbon trace with 
the CDRs of the light chain in blue and the CDRs oC the heavy chain In green. The FRs are mainly in yellow, with seven of the residues 
in the FRs In red. In one fully humanized C21 antibody, substitutions were made in the FRs of the selected human variable regions at 
these seven positions (19). 



model of the mouse C21 variable regions was built, 
based on portions of the solved structures of three anti- 
bodies, the light chain variable region of mouse Hy- 
HEL-10 antibody, the heavy chain variable region of 
mouse HyHEL-5 antibody, and the CDR3 of the Bence - 
Jones protein RHE (Fig. 4). 

Amino acid sequence comparisons were carried out. 
The mouse C21 light chain variable region was most 
similar to human k light chain variable regions from 
subgroup III and. In particular, to the light chain vari- 
able region from human KAF antibody. The mouse C2 1 
heavy chain variable region was most similar to human 
heavy chain variable regions from subgroup T and, in 
particular, to the heavy chain variable region from hu- 
man HAY antibody. Based on these sequence compari- 
sons, three himianized C2 1 light chain variable regions 
were designed based on the FRs from human KAF light 
chain variable region and the CDRs from the mouse 



C2I light chain variable region. For the humanized 
C2I heavy chain variable region, two humanized heavy 
chain variable regions were designed based on the FRs 
from the consensus sequence for human subgroup I 
heavy chain variable regions and CDRs from mouse 
C21 heavy chain variable region. Another two human- 
ized heavy chain variable regions were designed based 
on the FRs from human HAY heavy chain variable 
region and CDRs from mouse C2 1 heavy chain variable 
region. 

Differences between the amino acid sequences of the 
human and mouse FRs were noted and examined. As 
described previously, the model is important, at this 
stage in evaluating whether a given amino acid substi- 
tution at a given position in the structure will alter 
binding to antigen. In the design of humanized C21 
light chain variable region, four amino acids In the 
human FRs were Identified as having a possible nega- 
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tive influence on antigen binding. In the three versions 
of humanized C21 variable region, the amino adds at 
these four position were changed, in various combina- 
tions, from the amino acids present In the humsin FRs 
to those present In the mouse FRs. Similarly. In the 
deslgn'of humanized C21 heavy chain variable region, 
5 or 8 amino acids in the human FRs of the consensus 
sequence or the human HAY sequence were Identified 
as having a possible negative Influence on antigen 
binding. Again, the amino acids at these positions were 
changed, in various combinations, from the amino acids 
present In the human FRs to those present in the 
. mouse FRs. In summary, three versions of humanized 
C21 light chain variable region that contained from 
two to four amino acid changes In the human FRs were 
designed, and four versions of humanized C21 heavy 
chain variable region that contained from one to eight 
amino acid changes in the human FRs were designed. 

The initial humanized C21 light and heavy chain 
variable regions were constructed using PGR methods 
to assemble six synthetic oligonucleotides per leader- 
variable region. Subsequent versions of the humanized 
variable regions were constructed using PGR primers 
to introduce small changes in the initial constructs. 
Following DNA sequencing to confirm that the se- 
quences were correct, the humanized variable regions 
were Joined via Introns to human k and y-l constant 
regions already present in appropriate mammalian cell 
expression vectors. The light and heavy chain expres- 
sion vectors were cotransfected Into COS cells and hu- 
manized antibody was secreted into the culture me- 
dium. In early experiments, humanized C21 antibodies 
In the culture medium were analyzed by ELISA for 
binding to human IgE. In later experiments, Protein 
A-purified humanized C21 antibodies were analyzed 
for binding to hiiman IgE using a biosensor-based ana- 
lytical system (Pharmacia BIAcore). 

Several combinations of reshaped human C21 light 
and heavy chain variable regions gave binding to hu- 
man IgE that was equivalent to the binding observed 
with the mouse and chimeric C21 antibodies. For the 
heavy chain variable region, designs based both on the 
human consensus sequence and on an individual hu- 
man antibody led to humanized C21 antibodies that 
bound to antigen as well as the mouse C21 antibody. 
One of the best humanized G21 anUbodles was de- 
signed based on the FRs from the light chain variable 
region of human KAF antibody and the FRs from the 
heavy chain variable region of human .HAY antibody. 
This humanized C21 antibody had three changes in the 
human FRs of the light chain variable region and four 
changes in the human FRs of the heavy chain variable 
region. In the view of the model of the mouse C21 vari- 
able regions shown in Fig. 4, the amino acids at these 
seven positions In the FRs are colored red. 

Humanized G21 antibody is 1 of 12 different mouse 



antibodies that have been humanized at the MRC Col- 
laborative Centre. A recent review of published papers 
and patents Identified 80 rodent antibodies that have 
been humanized by CDR grafting. These fully human- 
ized antibodies are listed by the antigens that they 
recognize (Table 1). An attempt has been made to eval- 
uate the success of each humanizatlon In terms of how 
well the humanized antibody bound to antigen in com- 
parison to the original rodent antibody. Given that a 
wide variety of methods of varying reliability were used 
to measure binding to antigen, these values must be 
viewed cautiously and the accuracy examined case by 
case. 



DISCUSSION 



Antibodies to a wide range of antigens have been 
successfully humanized by CDR grafting as judged by 
the creation of antibodies with human-like sequences 
that bind to their respective antigens with specificities 
and affinities that closely mimic those of the original 
rodent antibodies. The main motivation in humanizing 
a rodent antibody is to create an antibody that will have 
Improved efficacy when used as a therapeutic agent in 
humans. It is difficult to cite proven examples where 
humanizatlon via CDR grafting has created clinically 
efficacious agents because there is still a very limited 
amount of published data available on clinical trials 
with CDR-grafted antibodies. Data are available for 
reshaped human CAMPATH-1 antibody (16). This an- 
tibody recognizes the CDw52 antigen present on all 
lymphocytes and some monocytes and is proposed as a 
treatment for lymphoprollferatlve disorders and as an 
immunosuppressive agent. The fully humanized GAM- 
PATH- 1 antibody has been tested in patients with non- 
Hodgkln's lymphoma, systemic vasculitis, and refrac- 
tory rheumatoid arthritis (72. 4, 3). Efficacy was ob- 
served in a significant percentage of all three groups 
of patients. In aurthrltic patients treated with multiple 
doses, an anti-idlotyplc response was often detected. 
The antl-ldiotypic response, however, did not prevent 
a beneficial effect (3). Several other fully humanized 
antibodies, such as anti-IL-2R antibody (15), anti- 
EGFR antibody (46), and antl-TNFa antibody (57), are 
in clinical trials but no results have been published to 
date. 

From the limited amount of clinical data available, 
it is clear that fully humanized antibodies are signifi- 
cantly less Immunogenic than rodent antibodies. This 
means that the humanized antibodies will have longer 
half- lives in patients and. therefore, will be efficacious 
at lower doses and with fewer doses. In addition, It will 
be possible to re-treat patients with the humanized 
antibodies. The presence of human constant regions 
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TABLE 1 

List of Fully Humanized Antibodies Grouped by the Antigen Recognized 



Antigen recognized 



Antibody humanized 



Place where humanized 



Binding to antigen relative to 



CD2 
CD3 



CD4 

CD 18 092 Integrlns) 



CD22 
CD28 
CD33 

CD41a(GPnbana) 
CD49a (a4 
integrins) 
a4^i integrin 



Rat YTH655 

Rat YTH12.5 

Mouse 0KT3 

Mouse UCHTI 

Mouse 0KT4A 

Rat YNB46.1.8SG2B1.19 

(Campath-9) 
Mouse 1B4 
Mouse H52 
Mouse 60.3 
Rat YFCSi.i.l 
Mouse antiixKly 
Mouse LL2 
Rat YTH912.13 
Mouse Ml 95 
CDP771 
C4Gi 
Hp 1/2 

Mouse 21.6 



CDw52 (Campath-1) Rat YTH34.5HL 



CD54 aCAM-1) 
CD56 (NCAM) 

CD64 

CD66C (NCA90) 
L-selectin (CD62L) 
P-5€ lectin 
TL-2 receptor 
IL-2 receptor (CD25) 



IL-2. receptor 

(CD122) 
IL-6 receptor 

EOF receptor 

T-ccU rec^tor (a/)S) 
T-ccU receptor (vjs 
8.1) 

T-ceU receptor (Vfi 

5.2. 5,3) 
CEA 

(cardnoembryonic 
antigen) 



Colorectal antigen 



Mouse R6-5-D6 (BIRR-OOOI) 
N901 

022 
MN3 

Mouse DR£G-200 

Mouse CY1747 

Mouse B-BIO 

AnU-Tac 

Rat YTH906.9.21 

Mouse MUc^l 

Mouse PM'l 
Mouse AUK12-2Q 
Mouse 425 

Mouse mumAb4D5 
Mouse BMA031 
16G8 

TM23 

Mouse BW431/26 



Mouse A5B7 
Mouse CEM231 
Mouse MN-14 
NP-14 

CDP833 



Cambridge University/Wellcome 

Cambridge UnlversltyAVellcome 

Celltecli/Ortho 

Genentech 

CeUtech/Ortho 

Cambridge Universlty/Welicome 

Merck Sharp Dohme 
Genentech 

Bristol-Myers Squibb 
Cambridge UnlversltyAVellcome 
Protein Design Labs 
Immunomedlcs 
Wellcome 

Protein Design Labs 
Celltech/Ainerican Cyanamld 
Protein Design Labs/Yamanouchi 
Scotgen/Biogen 

MRC CollaboraUve Centre/Athena 

Neurosciences 
MRC Laboratory of Molecular 

Biolc^AVellcome 
CeUtech/Boehringer Ingelhelm 
University of Bath/ImmunoGen 

Inc. 

Scotgen/Medarex 

Immunooiedics 

Protein Design Labs 

MRC Collaborative Centre/Cytel 

Sumitomo 

Protein Design Labs/Roctie 
Weikome/MRC Laboraloiy of 

Molecular Biology 
Protein Design Labs/Rociie 

MRC CollaboraUve Centre/Chugal 
MRC Collaborative Centre/Chugal 
MRC Collaborative Centre/E. 

Merck 
Genentech 

Genzyme CorpTBehrtngwerice 
Scctgen/T Cell Sciences 

ScotgcnA* CeU Sciences 

MRC Laboratory of Molecular 
Bial(>gy/Behrlngwerlie 

Celltech 
Hybrltech 

Scotge n/Immunomedics 
Immunomedlcs 
Celltecii/Americaii Cyanamld 



tlie rodent antibody 


Reference. 






87% 




".Simnar" 




"Close" 




68% 




33% 




100% 


27 


300% 


2a 


"Similar" 


29 


Binds 


30 


No data 


31 


No data 


- 32 


Nn tint A 


11 
jj 


300% 


34, 35 


No data 


31 




OO 




J 1 


"Etjual" 


VI 

•O i 




lo 


50-75% 


38 


"IdenUcal" 


39 




•3 1 


Kin Mot-a 


1 1 
Jl 


"Approximately equal" 


31 


"Comparable" 


40 


IN early uie Same 


A 1 

4 1 


■JO A) 




No daU 


42 


"Equivalent" 


43 


100% 


44 


inn4^ 


40 


60% 


11 








At 


iNo uata 


1 1 


No data 


31 


40% 


48. 49 


60% 


50 


100% 


51 




52 




53 


No data 


31 
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Antigen recognized 



Antibody humanized 





Mouse Ml / lit 






pnosp n3 casej 




PEM/HMFf; 


Mouse tinu-rtMI*0 


f rwilvrrmrm V\ \r* 
1 J 1 lUI |J 1 1 1 1. 


Mouse UlMul 


epitlielial mucin of 




human milk fat 




oInliiflpO 




TAG 72 /hiirruin 


Mouse t>/^.J 


mucin) 






Mouse l\.L>4^J 


MUC-1 


MAS 


rruiTuLTi niixcin 


PAM4 




7171 1 r**; Q 




coc 
COD 


Folate binding 








HIV 


mouse u.op 




NM-01 


rterpes 


Mouse Fd 1 38-80 




Mouse Fd79 


iwV 


Mouse RSVI9 




Unnamed antibody 


Mouse CMV5 




CMV16 




CMV35 


VTV 


206 


•juiun virus 


YGD 


vauniua 


WI 


i^cuQonxjiiSS 


PS2 






t*tn<efHrthim 


JA4LiIU 


per^inges a-toxin 




Plasmodium 


Unnamed antibody 




Human TNFa 


Mouse hTNFl 




Mouse hlNFa 




Mouse 101.4 




Mouse 61 E71 


rluman INr-y 


Mouse AF2 


IL-6 


Mouse SK2 


Lewis B antigen 


58-1066 


Lewis Y antigen 


Mouse SDZ ABL 364 




3S193 


Human IgE 


Mouse C21 




Mouse MaE 11 


Hapten NP-cap 


Mouse Bl-8 


Lysoryme 


Mouse Dl.3 



Place where humanized 



Binding to antigen relative to 

the rodent antibody Reference 



Unilever 



Unilever 
CeUtech 



CeUtech 
NIH 

Inimunojnedlcs 
Merck 

Scotgen/Cytogen 
Scotgen/Ludwig Institute/Sloan 

Kettering 
Scotgen/Ludwig InsUtute/Sloan 

Kettering 
MRC Collaborative Centred 

Chemo-Sero-Therapeudc 

Research Institute 
Scotgen/Nissln Research Institute 
Protein Design Labs 
Protein Design Labs 
Scotgen 

MedlnmtuneA/lrlon Systems 

Protein Design Labs 

Scotgen 

Scotgen 

Scotgen 

Scotgen/U.S. Army 
Scotgen/U.S. Army 
Scotgen 

Scotgen/Chemlcal and Biological 

Defence Establishment 
SmithKUne Beecham 

CeUtech 
CeUtech 
CeUtech 
CeUtech 

Protein Design Labs 
Chugal 

Scotgen/Ludwig Institute/Sloan 

Kettering 
Protein Design Labs 
Scotgen/Ludwig Institute/Sloan 

Kettering 
MRC Collaborative Centre/Ciba- 

Geigy 
Genentech 

MRC Laboratory of Molecular 

Biology 
MRC Laboratory of Molecular 

Biology 



"Less weir 



"Similar" 
Close 



"Similar" 
100% 

No data 
No data 

No data 

50% 



No data 
"Almost equal" 
50% 

Reduced binding 
-Close" 

"Approximately the same" 

No data 
No data 
No data 
No data 
No data 

No data 

No data 

"Closely similar" 

"Binds weU. competes poorly" 

10% or less 

10% 

"Approximately the same" 

100% 

No data 

50% 
No data 

100% 

30% 
Binds 

25% 



54 



55 
56 



57 

58 
59 
60 
31 
31 

31 

12 



31 
61 
61 
62 
63 
64 
65 
31 
31 
31 
31 
31 

31 

66 

57 
57 
57 
57 
64 
67 
31 

68 
31 

19 

69 
5 

70, 71 
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with human effector functions will also contribute to 
therapeutic benefit depending on the mode of action 
proposed for the humanized antibody. Despite the sig- 
nificant reduction in Immunogenicity achieved by hu- 
manlzation via CDR grafting, an an ti- Idiotypic re- 
sponse to the fully humanized antibody will probably 
still be elicited after multiple administrations. This is 
not surprising since authentic human antibodies also 
have the potential to elicit anti-idlotyplc responses. It 
Is probable that significant differences in immunoge- 
nicity will exist among different fully humanized anti- 
bodies. Clinical trials with chimeric antibodies have 
demonstrated that mouse variable regions differ dra- 
matically in their degree of immunogenicity (73). Ulti- 
mately, efficacy will have to be determined for each 
humanized antibody and each of the therapeutic Indi- 
cations being considered. 

In summary, reliable methods exist for humanizing 
rodent antibodies by grafting the CDRs from rodent 
antibodies into human antibodies. Although methods 
for humanizatlon are now well developed and many 
examples of fully humanized antibodies exist, there are 
as yet few clinical data demonstrating their efficacy in 
patients. 
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